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FLIGHT MEASUREMENTS OF ELEVON HINGE MOMENTS
ON THE XF-92A DELTA-WING ATRPLANE

By Clintor T. Johnson and Albert E. Kuhl
SUMMARY

Flight measurements of the elevon hinge moments on the Convair
XF-92A delta-wing sirplane were made at the NACA High-Speed Flight
Station over the Mach number range from Q.70 to 0.95 during longitu-
dinal elevor pulses, alleron rolls, and wind-up turns. The results
of the elevon hinge moments are presented in this paper.

During wind-up turns the hinge moments become nonlinear at about
the angle of attack at which the airplane experliences e marked decrease
in longitudinal stability.

In the low sngle-of-attack reglon below the stability break the
hinge-moment parameter Ch5 increases graduslly with increasing Mach

number from a value of about -0.011 at a Mach number of 0.7 to a value
of about -0.013 at a Mach number of 0.86 ‘and increases more rapidly
thereafter to a value of gbout -0.021 at a Mach number of 0.9.

The varlation of hinge-moment paremeter Ch5 with Mach number in

the angle-of-attack region below the steblility boundary of the airplamne
increases gradually with Mach number from a value of about -0.008 at =z
Mach number of 0.7k to a value of ebout -0.016 at a Mach number of 0.95.
Generally good agreement appears to exist between the flight and rocket-
model data.

INTRODUCTTION

Plain flap-type trailling-edge controls are in use in many of the
present-day airplanes despite several difficulties experienced with
this type of control in the trensonic speed range. Among the diffi-
cultles experienced are large hinge moments and rapid changes in the
hinge moments associated with large Iincreases in dynamic pressure and
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the rearwsrd shift of the center of pressure at transonic Mach numbers.
This has led to the adoption of powered control systems.

As a part of the cooperative Air Force - NACA research program on
the Convair XF-92A delta-wing airplane elevon hinge moments were
megsured during meneuvering flight over the Mach number range from
0.7 to 0.95. The XF-924 airplane has a delta wing with 60° leading-
edge sweepback and hydraullcally boosted full-span constant-chord
elevons with plain unsealed leading edges and a small unshielded horn
balance at the tip. Reference 1 presents the results of an investigae-
tion of the longitudinal stabllity characteristics of thls airplane.
This paper presents the results of the hinge-moment investigation on
this airplane.

SYMBOIS
CNA airplene normel-~force coefficient, nW/qu
Ch left elevon hinge-moment coefficient, H/qSeEe
Cha varlation of hinge-moment coefficient with angle of

attack per degree, dCh/dc

Ch6 variation of hinge-moment coefficient with elevon
deflection per degree, dChL/dbe

(Cn)s. =0 left elevon hinge-moment coefficient corrected to zero
°L elevon position, Cnr - Ch5 X SeL

mean eerodynamlc chord of elevon control surface, rear-

¢ ward of hinge line, 2.92 ft
g acceleration due to gravity, ft/sec2
H left elevon hinge moment, £t-1b
M free-stream Mach number
n normal acceleration, g units
q dynamic pressure, 1b/aq ft
Se left elevon ares aft of hinge line, 38.10 ft°

contllliNG
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Sy wing area, £t

t time, sec

W weight of airplame, 1b

a angle of attack, deg

Be left elevon position, deg

e

rolling velocity, radlans/sec

pltching acceleration, radians/sec2
ATRPLANE

The Convair XF-G2A is a semitaillless delta-wing airplane having
60° leading-edge sweepback of the wing and vertical stabilizer. A three-
view drawing of the airplane is shown in figure 1 and photographs of the
airplane are shown in figure 2. Table I lists the physical character-
istics of the airplane.

The control surfaces are full-span, constant-chord surfaces
actuated by an irreversible 100-percent hydraulically boosted system.
The control linkages are connected to inboard and outbosrd actuating
arms on each elevon. The actuating arms are fixed ta a torque tube
that forms the leading edge of the elevon. The elevons have small
unshielded horn balances on the outboard ends and a plain unsealed
leading edge over the remsinder of the gpan. The girplane has no dive
brekes and no leading- or trailing-edge flaps or slats.

INSTRUMENTATION

The XF-924A airplane was eguipped with standerd NACA recording
instrumente for recording airspeed, eltltude, normal accelerstion,
pltching acceleration, rolling velocity, control position, and angle
of attack. All Instruments were correlated by & common timer.

Elevon hinge moments were measured by means of sirain gages
Instelled on the inboard and outbosrd actuating arms or the elevon.
Figure 3 presents a schematic drawing of the elevon showing the elevon
actuating arms and the straln-gage installstion.



L B NACA RM H54.J25a

The estimated accuracy of the total hinge-moment measurements 1is
$1000 inch-pounds, which amounts to an error in hinge-moment coeffi-
cient Cp of approximately £0.003 for the average Mach number and

altitude of these tests.

Angle-of-attack measurements were corrected for displacements due
to inertla loade on the nose boom. The correction factor was determined
by statically loading the nose boom to simulate Inertie loads which
resulted in a correction of 0.16° per unit acceleration. The angle of
attack measured was not corrected for vane flosting, upwash, or pltching
velocity. The meximum error resulting from pitching velocity was on the
order of 0.8°. The accuracy of the angle-of-attack recorder was esti-
mated to be *0.5°9. Accuracies of other pertinent recorded quantities
are:

Mech number, M . . . ¢ ¢ ¢ « & ¢ ¢ ¢ o o o o« =+ o & o« s « =« « « FT0.01

Ber,s 8B = « ¢+ ¢ 4 o i v 4 e st e e et s v e e e ... t0.20

n, gunits . . . . . . L . it i e e i e e e e e e s To.05
TESTS

As & part of an Investigation of the flight charascteristics of the
Convalr X¥F-92A, control-surface hlnge moments were measured during
meneuvering flight. Elevon hinge moments were measured during longi-
tudinal pulses and abrupt alleron rolls over a range of Mach number from
0.70 to 0.90, and during accelerated turns over a range of Mach number
from 0.70 to 0.95.

The accelerated turns were performed at an altitude of approximately
35,000 feet, the longitudinal pulses at 30,000 feet, and the aileron
rolls between 25,000 feet and 30,000 feet.

PROCEDURE

The elevon hinge-moment parameter Ch6 wasg determined durlng abrupt

elevon deflections by measuring the variation of elevon hinge moment
during that portion of the maneuver 1n which the control surface had been
deflected but the alrplane response to the control input had not yet
occurred. The abrupt deflections included hoth longitudinal pulses and
abrupt sileron rolls. All messurements were taken before the angle of
attack, including induced effects due to rolling velocity, had changed
more than 1/20. A change of angle of attack of thils magnitude would
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cause an estimated error based on the velue of Cha determined from
this investigation of about 10 percent iIn the measured value of Cha'

The elevon hinge-moment parameter Chm was determined by subtrac-

ting the hinge-moment coefficient due to elevon deflection from the
measured hinge-moment coefficient in wind-up turns. The resultant hinge-
moment coefficient was then plotted asgainst angle of attack and the slope
taken to yleld cha‘

i

RESULTS AND DISCUSSION

Data obteined during typicel longltudinal elevon pulses at various
Mach numbers are shown in figure 4(a) as the varistion of angle of
attack, elevon hinge-moment coefficient Cj, and elevon position with
time. Similer plots of typical date obtalned during sileron rolls are
shown in figure 4(b) as the variation of angle of attack, rolling
velocity, hinge-moment coefficient Cp, and elevon position with time.

From these maneuvers the hinge-moment parameter Ch6 was determined by

using the measurements of hinge-moment coefficient and elevon position.
The portion of the msneuvers used for the evaluation of Oha vhere the

angle of attack, including induced effecte due to rolling velocity, had
not changed more than 1/2°, is indicated on figures 4(a) and 4(b) by
the solid lines.

The values of the hinge-moment parameter Ch5 determined from the

elevon pulses and alleron rolls is shown in figure 5 as the variation
of chﬁ wlith Mach number. Also shown is the variation of Ch8 as

determined from rocket-model tests (ref. 2) of a model having = wing
and elevon similar to the alrplane but with a different fuselsge.

The value of Ch5 obtained from flight messurements increases

negatively very gradually with increasing Mach number from a value of
about -0.012 at a Mach pumber of 0.7 to & value of -0.013 at a Mach
number of 0.86 and then increases more rapidly to a value of -0.021 at
a Mach number of 0.9.

Differences in level appear to exist between the flight and rocket-
model data, but the trends of the data show good agreement. Above a
Mach number of 0.9 the flight deta were extrapolated on the basis of the
rocket-model date In that speed range for use in calculating cnm.
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Data obtained during wind-up turns are shown in figure 6 as the
variation of Mach number, pitching angular acceleration, elevon hinge-
moment coefficient Cy, airplane normal-force coefficient, and elevon
position with angle of attack at various Mach numbers covering the speed
range of these tests. The XF-G2A airplane experlences s decrease in
longitudinal stabllity at the higher angles of attack. This behavior
1s reported in reference 1 and the angle of attack at which it cccurs
is shown on each of the figures by the vertical line above the curves.
For the typlcal maneuvers shown, the variation of elevon position and
elevon hinge-moment coeffilcient with angle of attack is nonlinear. At
angles of attack above the stability boundary the curves of hinge moment
plotted against angle of sttack abruptly experiences a change to a large
negative slope. At the higher Mach numbers thls 1s an abrupt reversal
in hinge-moment varietion with angle of attack.

In order to remove the effects of elevon contrel position and
thereby make possible an evaluastion of the effect of changes in angle
of attack only on the hinge-moment curves, the data of figure 6 were
corrected to & condition of zero elevon deflection by using the values
of Ch5 previcusly determined. The corrected date are shown in fig-

ure T as the varistion of hinge-moment coefficient corrected for elevon
position with angle of attack. The angle of attack at which the airplane
experienced a reduction in longitudinsl stabllity ls again indicated by
the vertical line above the curves. A change in slope of the corrected
data is apparent near the angles of attack of the decrease in longitu-
dinal stability for each of the maneuvers.

The region above the reduction in airplane stability is charecter-
ized by large angular pitching and rolling acceleration, abrupt changes
in the wing charsacteristics, particularly the wing pitching moment, and
rapid loss of Mach number. Therefore, it is assumed that the corrections
applied to the data above the stabllity boundary are not valid because
they were obtained by using a value of Cpy measured in the low-lift
region. However, the corrected data indlcate that at the higher angles
of attack there are lerge changes Iin hinge moments which are caused by
abrupt changes in either, or both, Chm or Chs' In determining the

value of Chm from the data of figure T only the region below the ailr-

plane stabllity boundary where the data are essentisally linear was con-
sidered. The values of Cp, for the low 11ft reglon were determined

from the date of figure 7 by taking least squares slopes of data in that
region. The slopes determined by this method are shown on the curves,
and the values of the hinge-moment parameter Chm determined are shown

on figure 8 as the varilation of Chm with Mach number. Also shown is

the variation of Cp, as determined from rocket-model tests (ref. 2)
of a model having a simllar wing and elevon but with & different fuselage.
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The value of Chu. ocbtalned from flight tests increases graduaslly with

Mach number from a velue of ghout -0.008 at & Mach number of O.7h to a
value of sbout -0.016 at & Mach number of 0.95. Generally good agreement
appears to exist between the flight and rocket-model data.

CONCLUSIONS

Flight measurements of the elevon hinge moments on the Convair XF-Q2A
airplane over the Mach number range from 0.70 to 0.95 have indicated:

1. The hinge-moment wveristion with angle of attack is linear up to
the angle of attack at which the airplane experiences & marked decrease in
stability.

2. In the low-1ift reglon the hlnge-moment parameter chﬁ increases

gredually with increasing Mach number from a value of gbout -0.011 at a
Mach number of 0.7 to & value of -0.013 at a Mach number of 0.86 and
increases more repidly thereafter to a value of -0.021 gt a Mach number
of 0.9.

3. In the angle-of-attack reglion below the airplene stebility boundary
the hinge-moment-coefflcient variation with angle of attack Ch, 1ncreases

gradually with increasing Mach number from a value of sbout -0.008 at s
Mach number of O.74 to a value of about -0.016 at a Mach number of 0.95.

k. Good agreement exists between the flight measurements of the hinge-
moment~coefficient variation with both angle of attack and elevon angle,
Ch6 and Cp,, and rocket-model measurements of a model having & similar

wing and elevon but a fuselage difTferent from that of the airplane.

High-Speed Flight Station,
National Advisory Camittee for Aeromsuties,
Edwards, Calif., October T, 195k.
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TABIE T

PHYSTCATI. CHARACTERYSTICS OF THE XF-92A ATRPLANE

Wing:
Area, 80 Tt . ¢« ¢ ¢ 4 & i 4 h e st h e e e e e e e e e e e e, ko5

Span, ££ . ¢« ¢ ¢ ¢ o o i i d 4 e h i d e e s e e e . . 31. 33
AMrfoil sectlon . . -« ¢ & . ¢ . . .

Mesn serodynamic chord, £t . . . . .

3
8
5 5

Aspect Tatlo . . ¢ . i b e i e e h e 4 e e e e e e e e e s 2.31
Root chord, ££ . . . . . « - . . =Y A
TIp chord . -« « o« & ¢ o o o o s o o a o« o » 2 s « =« s o« o o = = o]
Teper ratio . . . . “ 4 e e e e me e s s e s e .. o]
Sw‘eepback(lee.dingedge),deg........... 60
Tneldence, Geg . - « « « o o o ¢ 2 2 s s o a o a ¢ o o o o« a = o
Dihedral (chord plame), G8Z « « « =« « & « o = = « o o o = = = « 0

Elevons:
Area (total of both elevons aft of hinge line), sq £t . . . T6.19
Horn balance area (total of both elevons forward of hinge
Iine), 8@ £ +« ¢ « v ¢ ¢ ¢ ¢ ¢ & 4 4 4 s 4 . e 0. . . . 1.k
Span (one elevom), ft . - - . . . . . e e s e e e e 13.35
Chord (aft of hinge line, constant except et tip), & S 3.05
- Movement, deg

UP « o« o ¢ o o 5 a o o« o a o o a 2 o o s« s s s s « s » = « 15
- DOWIl & ¢ & o o ¢ ¢ ¢« & 4 o o o « a o 8 o o = 2 e e o o = = 5
Alleron, total . . . . ¢ ¢ . . .. e e e s e e e ae as e 1o

Vertical tail:
Area, sq £t . . . . . . . . . . « 4 o a4 a4 = e s e s s s s e = o .35
Height, above fuselsge center line, £t . . . . .« . « . « . . . 11.50

Rudder:

Ares, sq £t s e e e s e e s - 15.5%

Span, £ . ¢ ¢ 4 4 v e e i it e h e e e e et e e e e e .. g.22
Travel, deg « « « « =« = « = s s o« s » « o o« & 2 s s s o « o o o 8.5
Operation =« « o ¢« ¢ o ¢« o =2 2 o o o 5 a » o « = o o = o & o Bydraulic

Fuselage:
Tength, ££ . ¢ o ¢ ¢ & 4t o & 4 ¢ o 6 ¢ &t o o o o o o o o « » k2.80

Power plant:
Engine . . . ¢ & ¢ 4 ¢ o a ¢ o o = Allison J33-A-29 with afterburner
Rating:
Static thrust at sea level, b . . . . . . . . ¢ ¢« . . 5,600
Static thrust at sea level with afterburner, I . . . . . . 7,500

Weight:
Gross weight (560 gal fuel), 1b . . . « . v« « ¢ = + « = = « - . 15,560
Bupty welght, 1D . . ¢ 2 ¢« & ¢ c o = = o o = o s« « =« =« « « » « 11,808

Center-of-gravity locations:
- Gross welght (560 gal fuel), percemt M.A.C. . . ¢ -« o ¢« « & . 25.5
Empty welght, percent M.A.C. . ¢ ¢ ¢ ¢ 4 ¢ ¢ ¢ o ¢ o a » o o = 29.2
Moment of inertia in pitch, slug-f82 . . . . . . ... ... . 35,000
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225.6 1366

p =
i—64.9
f—103.2~ L, 2
60° M.A.Ci.fl .7.1
160
feoe— 513.6 —
375.9 ——————
Caomerg ——
69.6
10.6
209.8

r//,,___Aé£E§§135l~ )
o A init

103.3 —@ER——178.4 < 15" |

Figure 1.- Three-view drawing of the XF-92A airplane. All dimensions
in inches.
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(c) Left side view.

Figure 2.~ Photographs of XF-92A airplane,

L-81260
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Control system linkage

Strain gage bridge,
outboard actuating arm

Left elevon

(Span station 132.33)

"'--:-_" D ‘\
e draul \
Torque tube ydraulic: ram
Strain gage bridge, e

inboard actuating arm

(Span station 24.95)
Flgure 3.- Strain-gage installation on elevon actuating arms.
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(a) Longitudinal elevon pulses.

Figure k.- Time histories of longitudinal pulses and aileron rolls used
to determine hinge-moment coefficient due to elevon deflection.
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Figure 4.- Concluded.
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Figure 5.~ Hinge-moment parameter chﬁ at low lift coefficlents as a
function of Mach mmber.
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Figure 6.~ Variation of elevon hinge moments, and the factors affecting :
the hinge moments, as a functlon of angle of attack during accelerated

turnos.
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Figure 8.- Hinge-moment parsmeter Cl"a. as a function of Mach mumber for

the angle-of-attack region below the boundery of decreased longitudinal
stability.
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